Diagnosis of cardiac tamponade has been mainly based on clinical features and echocardiography. However, CT may be an initial tool for the evaluation of cardiac tamponade because cutting edge CT is increasingly being installed in the emergency room, and presentation of cardiac tamponade can be nonspecific. Importantly, CT has better spatial resolution compared with echocardiography. Thus, identification of the etiology of cardiac tamponade is possible on CT. We report a case of cardiac tamponade demonstrating direct leakage of contrast material from the right ventricle into the pericardial space caused by central venous catheter injury diagnosed on CT.
Introduction
Acute cardiac tamponade is a life-threatening condition caused by a variety of etiologies including blunt trauma, stab wounds, Stanford type A aortic dissection, or cardiac rupture as a complication of acute myocardial infarction or central venous catheter injury (1) (2) (3) (4) (5) (6) . Cardiac tamponade is accompanied by hemodynamic instability such that computed tomography (CT) is relatively contraindicated. Thus, the diagnosis of cardiac tamponade is based mainly on clinical features (i.e., the classic triad of hypotension, neck vein distension, and muffled heart sounds) and bedside echocardiography. However, at times CT may be an initial tool for evaluation of cardiac tamponade because state-of-the-art CT scanners are increasingly being installed within the emergency department (ED), and the presentation of cardiac tamponade is often nonspecific. Importantly, CT has better spatial resolution and no limitation of viewing windows compared with echocardiography. Thus, precise identification of the etiology of cardiac tamponade and localization of the site of rupture may be possible on CT, assisting the cardiac surgeon in establishing an appropriate surgical plan. Notably, direct visualization of leakage of contrast material from a cardiac chamber into the pericardial space causing cardiac tamponade on CT has not been reported in the literature (1) (2) (3) (4) (5) (6) . We report a case of cardiac tamponade caused by central venous catheter injury, demonstrating direct leakage of contrast material from the right ventricle into the pericardial space on CT.
Case Presentation
A 75-year-old woman presented to the ED with sudden dyspnea and loss of consciousness during hemodialysis. The patient had no history relevant to cardiac tamponade other than end stage renal disease due to hypertension. Because an arteriovenous fistula in her left arm did not mature fully, hemodialysis had been performed through a right subclavian vein catheter for a year.
Blood pressure was 163/68 mmHg at the time of initiation of hemodialysis, but the blood pressure dropped suddenly to 63/45 mmHg two hours into the hemodialysis session. On chest radiography performed in the ED, the tip of 14.5 Fr central venous catheter (Hemostar® Long-term Homodialysis Catheter, BARD Access Systems, Inc., Salt Lake City, USA) projected between the right atrium and ventricle ( Figure 1A ). As the primary concern of the ED physician was massive pulmonary embolism, a pulmonary CT angiography was performed. The study showed severe compression of the right ventricle and atrium by a large hemopericardium and distension of the inferior vena cava, consistent with cardiac tamponade (Figure 1B and 1C) . Direct leakage of contrast material ( Figure 1C ) from the free wall of the right ventricle into the pericardial space was demonstrated on coronal reformatted CT image. A diagnosis of right ventricular rupture caused by central venous catheter injury was made, and emergency surgery was recommended based on CT findings. Impaction of the central venous catheter tip within the right ventricular free wall was demonstrated on the intra-operative echocardiography, suggesting central venous catheter injury as the etiology of cardiac tamponade. At surgery, a 3-4 mm linear tear with active bleeding was found on the right ventricular free wall ( Figure 1D) , and direct closure of the defect was performed.
Discussion
Right ventricular rupture caused by central venous catheter injury is extremely rare (4, 5) . It is known that the tip of the central venous catheter can be moved by changes in neck motion, respiration, or cardiac rhythm (4). Thus, placement of the tip of the central venous catheter in the superior vena cava is optimal to avoid serious complications. Although there are limitations due to a selected set of circumstances (i.e., infants and older catheters), one study reported that the incidence of cardiac tamponade occurring ≥ 7 days after insertion of a central venous catheter was 18% (7). On further investigation, the central venous catheter in this patient had been located in the 2
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right cardiac chamber for approximately one year, leading to an increased risk of cardiac tamponade. Typical CT findings of cardiac tamponade were demonstrated in the present case (i.e., large hemopericardium compressing the right atrium and ventricle and marked dilatation of the inferior vena cava). A previous study has shown that compression of the right ventricle is highly specific for the diagnosis of cardiac tamponade (3). However, there is no prior report demonstrating direct leakage of contrast material from a cardiac chamber to the pericardial space on CT as a finding of cardiac tamponade. Detection of leakage of contrast material into the pericardial space on CT in the present case may have been aided by two factors. First, the size of the defect in the right ventricle by central venous catheter injury may not have been large enough to cause sudden death, thus allowing sufficient time for identification on CT. The second potential reason is that the high injection rate of contrast material in the right ventricle on pulmonary CT angiography may have facilitated detection of leakage into the pericardium. It should be stressed that if only axial CT images are reviewed, the leakage of contrast materials from the right ventricle into the pericardial space may be misinterpreted as an artifact caused by cardiac motion and therefore overlooked. Thus, thorough evaluation of coronal and sagittal CT reformatted images is mandatory in the evaluation of cardiac tamponade. In summary, the location of the tip of a central venous catheter should be carefully evaluated to avoid the risk of rupture of the right atrium or ventricle. Moreover, ED physicians and radiologists should assess for leakage of contrast material from cardiac chambers into the pericardial space on CT in patients with hemopericardium and an indwelling central venous catheter.
